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In this work, we have investigated the Cabibbo-suppressed process Λc → pi0ηp, by taking into
account the intermediate scalar state a0(980), which could be dynamically generated from the S-
wave pseudoscalar-pseudoscalar interaction within the chiral unitary approach. We have calculated
the pi0η invariant mass distribution, and found that there is significant structure associated to the
scalar a0(980). We have also roughly estimated the branching fraction B(Λc → pi0ηp) ≈ 10−4−10−5.
Thus we encourage our experimental colleagues to measure the process Λc → pi0ηp for searching for
the scalar a0(980) signal in this reaction, which can be used to test the molecular nature of a0(980)
and our theoretical predictions.
PACS numbers:
I. INTRODUCTION
Investigating the dynamic structure of resonances is
one of the important directions in hadron physics, and
the decay mechanism of the lightest charm baryon Λc is
of great significance to understand the interplay of the
weak and strong interaction in the charm region [1–7].
In the last decades, lots of experimental information has
been accumulated [8–14], and there exist many theoreti-
cal studies about Λc decay [15–22].
Recently, the BESIII Collaboration has reported the
K+K− invariant mass distribution of the process Λc →
pK+K−, which shows an enhancement structure near
the K+K− threshold [8]. In Ref. [23], we have analyzed
the experimental measurement of the Λc → pK+K−,
and concluded that the enhancement structure near
the threshold is mainly due to the resonances f0(980),
and a0(980) provides a small contribution. Since both
a0(980) and f0(980) couple to the KK¯, the mechanism
of their productions are crucial for us to deeply un-
derstand about the KK¯ enhancement in the process
Λc → pK+K− and also other processes. For instance,
the LHCb Collaboration has argued that the a0(980)
plays a more important role than the f0(980) in decay
B¯0 → J/ψK+K−, and reported the branching fraction
B(B¯0 → J/ψa0(980), a0(980)→ K+K−) = (4.70±3.31±
0.27)× 10−7 [24], however, both the f0(980) and a0(980)
resonances are expected to contribute to the K+K− dis-
tribution, as discussed in Ref. [25].
Taking into account the uncertainties of the experi-
mental measurements, and the undefined theoretical pa-
rameters, it is still difficult to extract the relative weight
of the a0(980) and f0(980) in the processes involving
KK¯ final states, which are necessary for us to under-
stand the production mechanisms of a0(980) and f0(980)
in the K+K− channel. Since the a0(980) mainly cou-
ples to piη channel, we propose to investigate the process
Λc → pi0ηp, which should be useful to understand the
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production mechanism of the a0(980), and pin down the
relative weight of a0(980) and f0(980) production in the
process Λc → pK+K−. It should be stressed that, up to
our knowledge, this process has not yet been investigated
theoretically and experimentally.
For the nature of the a0(980), there are many theo-
retical explanations, such as tetraquark, molecular state
[see the review ‘Scalar mesons below 2 GeV’ of Par-
ticle Data Group (PDG) [26]]. The internal structure
of the a0(980) is essential to establish the decay mech-
anism of the process Λc → pi0ηp, and is also cru-
cial for us to understand the spectrum of the scalar
mesons with isospin I = 1 [27]. Among those differ-
ent explanations, the molecular nature of the a0(980),
dynamically generated from the S-wave pseudoscalar-
pseudoscalar interaction within the chiral unitary ap-
proach [28–33], has been widely studied in the literature,
such as B0 → D0pi0η [34], B¯0 → J/ψpi0η [25], B¯0 →
ηcpi
0η [35], χc1 → ηpi+pi− [36], ηc → ηpi+pi− [37], D0 →
K¯0pi0η [38], D+ → pi+pi0η [39], D0 → K−pi+η [40], τ− →
ντpi
−pi0η [41], J/ψ → K+K−f0(980)(a0(980)) [42], and
Λc → K+K−p, pi+pi−p [23].
In this work, we will investigate the process Λc →
pi0ηp, by considering the picture of a0(980) being
dynamically generated from the S-wave pseudoscalar-
pseudoscalar interaction in the chiral unitary approach.
By presenting our predictions for the pi0η invariant mass
distribution and the branching fraction of this reaction,
we would like to provide a motivation for experimental-
ists to measure this process .
The paper is organized as follows. In Sect. II, we in-
troduce our model for the process Λc → ppi0η, which can
be divided into three steps, weak process, hadronization,
and the final state interaction. The results and discus-
sions are given in Sect. III, a short summary is given in
the last section.
II. FORMALISM
In analogy to Refs. [7, 23, 43–45], the single Cabibbo-
suppressed decay of Λc → pi0ηp can proceed via three
steps, the weak process, the hadronization, and the final
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FIG. 1: The microscopic quark level diagrams for the pro-
cess Λc → pi0ηp, (a) the W+ internal emission. (b) the W+
external emission.
state interaction. Firstly, the weak process can happen
via the W+ internal emission as depicted in Fig. 1(a).
For the W+ internal emission mechanism of Fig. 1(a),
the c quark of the initial Λc decays into aW
+ boson and a
d quark by weak interaction, then W+ boson turns into
ud¯ pair. In order to give rise to the final states of the
process Λc → pi0ηp, the d quark of the c quark decay and
the d¯ quark of the W+ decay must be hadronized with qq¯
(≡ uu¯+ dd¯+ ss¯) created from vacuum with JPC = 0++.
Thus, we have,
Λc =
1√
2
c(ud− du)
⇒ VcdVudd
(
u¯u+ d¯d+ s¯s
)
d¯u
1√
2
(ud− du)
= VcdVud
(
M2
)
22
p, (1)
where Vcd and Vud are the CKM matrix elements, and
the flavor wave functions of the baryons are p = u(ud −
du)/
√
2 and Λc = c(ud − du)/
√
2. M is the matrix in
terms of the pseudoscalar mesons,
M =
 uu¯ ud¯ us¯du¯ dd¯ ds¯
su¯ sd¯ ss¯

⇒

pi0√
2
+ η√
3
+ η
′
√
6
pi+ K+
pi− − pi0√
2
+ η√
3
+ η
′
√
6
K0
K− K¯0 − η√
3
+ 2η
′
√
6
 .
(2)
We ignore the η′ component in this work, because the
η′ has a large mass and does not play the role in the
generation of the a0(980) [32]. Now, we have the possible
final states after the hadronization,
H(a) = VcdVud
(
M2
)
22
p
= VcdVud
(
pi+pi− +
1
2
pi0pi0 − 2√
6
pi0η
+
1
3
ηη +K0K¯0
)
p . (3)
Since the channels pi+pi−, pi0pi0, and ηη only couple to
the system of isospin I = 0, and has no contribution for
the a0(980) production in the Λc decay, we eliminate the
components of these three channels. Equation (3) can be
rewritten as,
H(a) = VcdVud
(
M2
)
22
p
= VcdVud
(
− 2√
6
pi0η +K0K¯0
)
p . (4)
Although the final states pi0ηp can not be directly pro-
duced via the W+ external emission of the Λc decay,
the Λc → pK+K− can proceed via the mechanism of
the W+ external emission as depicted in Fig. 1(b), then
undergoes the final state interaction by the transition
K+K− → pi0η, which finally gives rise to the final states
pi0ηp. For the process Λc → pK+K−, we have,
H(b) = VcsVusK
+K−p, (5)
where Vcs and Vus are the CKM matrix elements, and
we take Vcd = Vus = −0.22534, and Vud = Vcs =
0.97427 [23, 26, 39].
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FIG. 2: The mechanisms of the decay Λc → ppi0η, (a) tree
diagram, (b) the s-wave final state interactions.
3For the process Λc → pi0ηp, in addition to the tree
diagram of Fig. 2(a), we also take into account the S-
wave pseudoscalar-pseudoscalar interaction, which will
dynamically generate the scalar a0(980), as depicted in
Fig. 2(b). The total amplitude for the Λc → pi0ηp can be
expressed as,
M = VpVcdVud
(
− 2√
6
− 2√
6
Gpi0ηtpi0η→pi0η
+GK0K¯0tK0K¯0→pi0η + C ×GK+K−tK+K−→pi0η
)
,
(6)
where Vp is the vertex of meson-meson production, which
contains all dynamical factors. We also include the color
factor C to account for the relative weight of the W+
external emission mechanism with respect to the one of
the W+ internal emission mechanism, and the value of C
should be around 3 because we take the number of colors
Nc = 3 [23, 45, 46]. The loop function Gl is a diagonal
matrix given by [32],
Gl = i
∫
d4q
(2pi)4
1
q2 −m21 + i
1
(p1 + p2 − q)2 −m22 + i
=
∫
d3~q
(2pi)3
ω1 + ω2
ω1ω2
1
(
√
s+ ω1 + ω2)(
√
s− ω1 − ω2 + i) .
(7)
where
√
s is the invariant mass of the meson-meson sys-
tem, m1 and m2 are the masses of the two mesons in
the l-th channel, and meson energies ω1 =
√
(~q)2 +m21,
ω2 =
√
(~q)2 +m22. Since the Gl is logarithmically diver-
gent, we use the cut-off method to solve this singular inte-
gral, and choose the cut-off parameter |~qmax| = 600 MeV,
as Refs. [23, 38, 47, 48]. The transition amplitude tij in
Eq. (6) is obtained by solving the Bethe-Salpeter equa-
tion in coupled channels,
T = [1− V G]−1V, (8)
where three coupling channels pi0η, K+K−, and K0K¯0
are included. Vij represents the transition potential from
i-channel to j-channel, as Refs. [23, 38],
VK+K−→pi0η =
−√3
12f2
(3s− 8
3
m2K −
1
3
m2pi −m2η), (9)
VK0K¯0→pi0η = −VK+K−→pi0η, (10)
Vpi0η→pi0η = − 1
3f2
m2pi, (11)
VK+K−→K+K− = − 12f2 s, (12)
VK+K−→K0K¯0 = −
1
4f2
s, (13)
VK0K¯0→K0K¯0 = −
1
2f2
s, (14)
with the decay constant f = fpi = 93 MeV. mpi, mK ,
and mη are the averaged masses of the pion, kaon, and η
mesons, respectively.
With the full amplitude of Eq. (6), we can write the pi0η
invariant mass distribution for the process Λc → pi0ηp,
dΓ
dMpi0η
=
1
(2pi)3
ppp˜pi0
4M2Λc
|M|2, (15)
where pp is the proton momentum in the Λc rest frame,
pp =
λ1/2(M2Λc ,M
2
p ,M
2
pi0η)
2MΛc
, (16)
p˜pi0 is the pi
0 momentum in the pi0η rest frame.
p˜pi0 =
λ1/2(M2pi0η,m
2
pi0 ,m
2
η)
2Mpi0η
, (17)
with λ(x, y, z) = x2 + y2 + z2 − 2xy − 2yz − 2zx. All
the masses of the mesons and baryons involved in our
calculations are taken from PDG [26].
III. RESULTS AND DISCUSSION
In this section, we will present our results. In order
to show the production of the scalar a0(980) in the S-
wave K+K−, K0K¯0, and pi0η interactions, we plot the
modulus squares |tij |2 for the transitions K+K− → pi0η,
K0K¯0 → pi0η, and pi0η → pi0η, as shown in Fig. 3.
From Fig. 3, one can see a clear cusp structure around
980 MeV, which is associated to the scalar a0(980). The
cusp structure manifested by the scalar a0(980) is also
supported by the experimental measurements [37].
In our model, we have two free parameters, Vp and C.
Vp is a global factor and its value does not affect the shape
of the pi0η invariant mass distribution. As mentioned
above, the value of C should be around 3. In the first
step, we take C = 3, and show the pi0η invariant mass
distribution up to an arbitrary normalization in Fig. 4.
Instead of the cusp structure shown as in Fig. 3, one can
find a dip structure around 980 MeV in Fig. 4, which
could be associated to the scalar a0(980). Although the
scalar a0(980), as a dynamically generated state from the
S-wave pseudoscalar-pseudoscalar, manifests as a cusp
structure in many processes, such as ηc → ηpi+pi− [37,
49], it shows a dip structure in the process Λc → pi0ηp.
Although hadron resonances are observed as narrow or
broad peaks in the invariant mass distribution in many
cases, a resonance may even show up as a dip, depending
on the interference between the different contributions, as
discussed in Ref. [50]. Indeed, this behaviour is relatively
common in hadron physics. For example, the f0(980)
manifests itself as a clear peak in the pi+pi− invariant
mass distribution of the J/ψ → φK+K− [51, 52], and
Bs → J/ψpi+pi− [53] reactions, but shows up as a dip
in the S-wave pipi scattering amplitudes [54]. The dip
structures have also been found in experiments [55, 56]
and theoretical studies [43, 44, 57, 58]
On the other hand, the Nc scaling only indicates the
relative strength of the absolute values, and the relative
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FIG. 3: The modulus squared of the amplitudes: (a)
|TK+K−→pi0η|2, (b) |TK0K¯0→pi0η|2, (c) |Tpi0η→pi0η|2.
sign of C is not fixed [23, 46], thus we show the pi0η invari-
ant mass distribution with different values of C = 3, 2,
−2, −3 in Fig. 5, where one can see a significant cusp
structure around 980 MeV for the negative C, and a
small dip structure for the positive C, which is due to
the interference of the contribution from the final state
interaction and the contribution from the tree diagram.
It should be stressed that the positive C is supported by
many studies, such as Refs. [23, 45]. Thus, one dip or
cusp structure in the pi0η invariant mass distribution is
expected to be observed in the more precision measure-
ments for the process Λc → pi0ηp.
Since the branching fractions of weakly decaying
charmed baryons, especially the new decay modes of the
Λc are crucial to study both strong and weak interac-
tions, we will predict the branching fraction of the process
Λc → pi0ηp. The first step of the Λc → pi0ηp, weak pro-
cess, is the same as the ones of the process Λc → ppi+pi−
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FIG. 4: The Mpi0η invariant mass distribution of the process
Λc → ppi0η. The magenta dash-dotted curve shows the con-
tribution from the S-wave pseudoscalar-pseudoscalar interac-
tion as depicted in Fig. 2(b), the blue dotted curve stands for
the the contribution from the tree level diagram as depicted
in Fig. 2(a), and the red solid curve corresponds to the total
results given by Eq. (6).
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FIG. 5: The Mpi0η invariant mass distribution for the process
Λc → ppi0η with different values of C = 3, 2, -2, -3.
and Λc → pK+K− [23], the normalization factor Vp,
containing all dynamical factors of the weak process, is
expected to be identical for these three processes. The
branching fraction of the process Λc → pi0ηp can be ex-
pressed as,
B(Λc → pi0ηp) =
∫ (
dΓ
dMpi0η
)
dMpi0η
ΓΛc
, (18)
where the integrating range of the Mpi0η is taken to be
(mpi + mη) < Mpi0η < 1200 MeV, because the chiral
unitary approach that we use here can only make reli-
able predictions in the region up to 1200 MeV. With the
V 2p /ΓΛc = 0.2 MeV
−1 from Ref. [23], we can roughly es-
timate the branching fraction B(Λc → pi0ηp) = (5.08 ∼
6.40)× 10−5 for 2 < C < 3, and (4.19 ∼ 6.16)× 10−4 for
−3 < C < −2. The order of the magnitude 10−4 − 10−5
is expected to be accessible to be measured in the BESIII
experiment.
5IV. CONCLUSIONS
In this paper, the process Λc → pi0ηp is investigated
within the chiral unitary approach, where the contribu-
tions from the tree level diagram and the final state inter-
action of K+K−, K0K¯0 and pi0η are taken into account.
In our model, the interactions of the meson-meson
pairs K+K−, K0K¯0, and pi0η, preliminarily produced
via the Λc weak decay, result in the intermediate a0(980).
Firstly, we calculate the modulus square of the transition
amplitudes for the K+K− → pi0η, K0K¯0 → pi0η, and
pi0η → pi0η transition, and find an obvious peak near
980 MeV, which corresponds to the a0(980) resonance.
Up to an arbitrary normalization, we predict the pi0η in-
variant mass distribution, and find a dip structure for the
positive values of C, and a cusp structure for the negative
values of C.
As so far, no measurements of the process Λc → ppi0η
were done, we roughly estimate the branching fraction
B(Λc → pi0ηp) = (5.08 ∼ 6.40) × 10−5 for the positive
C, and (4.19 ∼ 6.16)× 10−4 for the negative C, both of
which are expected to be accessible in the BESIII exper-
iment. Thus, we would like to call the attention of the
experimentalists to measure this reaction, which should
be useful to understand the nature of the a0(980), and
the enhancement structure near the K+K− threshold in
the process Λc → pK+K− observed by the BESIII Col-
laboration [8].
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